The Codex Alimentarius is a collection of internationally recognized standards, codes of practice, guidelines, and other recommendations relating to foods, food production, and food safety. Among other functions, it is responsible for setting international standards for safety and hygiene. Codex food standards and guidelines directed at foods produced primarily for young infants and children have important implications for maintaining nutritional status and health, especially given the positioning of these products as components of established World Health Organization (WHO)/UNICEF-recommended feeding strategies. Recently, new products targeted at this age group (e.g., lipid-based nutrient supplements and micronutrient powders) have been produced and used, but these are not totally covered under existing Codex guidelines or standards. The objective of this paper is to review the role of the Codex process and specifically to suggest revisions to existing Codex guidelines on formulated complementary foods (Guidelines for Formulated Supplementary Foods for Older Infants and Young Children, CAC/GL 08-1991) to encompass this new category of fortified complementary foods and home fortificants. In reviewing the existing guidelines, potential areas for revision included the sections on the recommended nutrients in these foods and their intended use. Updating the Codex guidelines provides the opportunity to encourage production and use of new products for children and help ensure that such foods, when used as directed, do not interfere with breastfeeding. The revised guidelines would help governments develop national regulations covering all forms of formulated complementary foods. They would also lessen impediments to international trade by providing clear guidance for foods used in feeding programs and for young children, particularly in developing countries.
Background
Nutrition has been recognized as the foundation for survival, growth, and development of children. The recent Lancet series released in January 2008 concluded that more than a third of child deaths and 10% of the global disease burden are associated with child and maternal malnutrition [1] . The highest proportion of these deaths is in children under 2 years of age. It is somewhat ironic that this age period is both the period of greatest vulnerability and also the largest window of opportunity for influencing the child's potential for optimizing growth and development. Most (around 80%) of the malnourished children of the world live in just 20 countries across four regions-Africa, Asia, Western Pacific, and the Middle East [2] . Intensified nutrition action in these countries can lead to achievement of the first Millennium Development Goal to reduce poverty and hunger and greatly increase the chances of achieving goals for reducing child mortality and improving maternal health (Millennium Development Goals 4 and 5). Despite isolated successes in many countries for interventions such as iodized salt and vitamin A supplementation, most countries with high rates of undernutrition are failing to reach malnourished children with effective interventions supported by appropriate policies to improve child growth. It is estimated that exclusive breastfeeding and the appropriate use of complementary foods have the potential to S129 Revision of Codex guidelines for new infant food products reduce mortality among children under 2 years of age by as much as 13% and 6%, respectively [3] . Standards for fortified complementary foods and complementary food supplements have important implications for the nutrition and health of malnourished infants and young children, particularly those living in developing countries.
Children with severe acute malnutrition have the highest risk of morbidity and death as individuals, but the greatest population-level burden is from the more prevalent moderate malnutrition [4] . Adequate nutrition during infancy and early childhood is fundamental to the development of each child's full human potential. Whereas exclusive breastfeeding provides optimal nutrition in the first 6 months of life, and continued breastfeeding to 2 years and beyond provides a source of high-quality protein, fat, and other nutrients, at 6 months of age infants need additional high-quality foods to complement breastmilk in order to grow optimally. The majority of infants in developing countries currently rely on various combinations of local cereals, legumes, pulses, and oilseeds that are typically used for preparing complementary foods. Even where feeding practices are optimal, these foods are not normally fortified with minerals and vitamins, but even if they are fortified, the levels are often too low, the amounts of energy, high-quality protein, macrominerals (calcium, magnesium, potassium, and phosphorus), and essential fatty acids are often insufficient, and the levels of antinutrients, including phytates and tannins, are often too high [5] . Most processed, cereal-based complementary foods currently available at low cost do not provide optimal nutrition because they are not fortified or are fortified at low levels, and/or may contain forms of certain nutrients that have poor bioavailability. As with local foods, most also often do not contain enough high-quality protein, micronutrients, macrominerals, and essential fatty acids needed for optimal growth and development.
In addition to production of complementary foods with improved macro-and micronutrient content, a strategy to improve the nutritional quality of homeprepared foods is home fortification of complementary foods with either fortified complementary food supplements or micronutrient powders (powdered mineral and vitamin supplements). Complementary food supplements that contain an energy-dense source (fat), protein, and other nutrients are eaten in addition to breastmilk and home-prepared complementary foods. The function of this type of product is to improve the energy and nutrient density and quality of traditionally home-prepared complementary foods. The ultimate goal associated with their use is to prevent energy and nutrient deficiencies and reverse or prevent growth faltering and malnutrition.
For circumstances where the macronutrient and energy density of food provided to children is adequate, but the foods are lacking in micronutrients, a second type of home-fortification product, known as micronutrient powders, is now available. The micronutrients (with or without small amounts of other food-based nutrients) are packaged in a single-serving sachet and sprinkled on the food after the food has been cooked or reheated.
This new class of home-fortification products has been incorporated as a component of established World Health Organization (WHO)/UNICEF-recommended feeding strategies (http://www.who.int/nutrition/ publications/infantfeeding/9789241597494/en/index. html). As these new products are introduced through governments, development organizations, or marketdriven initiatives, it has been recognized that there is a need to ensure both the safety and the efficacy of the products, as well as to provide a clear and unambiguous description of serving sizes, nutrient levels, and forms. The only global organization that has the authority and reach to take on this role is the Codex Alimentarius Commission. The objective of this article is to report on the outcome of a comprehensive review of the currently available Codex standards and guidelines to determine if they meet the needs for the new categories of foods known as fortified complementary foods and complementary food supplements and to highlight possible revisions in Codex standards and guidelines where the current documents may not meet newer nutrientspecific international guidelines. Having Codex texts related to these new categories of foods that are up to date and reflect current recommendations and scientific evidence will ensure that guidance is available for the formulation and use of these important products for infant and young child feeding.
An ad hoc technical review team (consisting of physicians, nutrition experts, breastfeeding experts, and a food scientist and chaired by a pediatrician/nutrition expert) met in Geneva in October 2008 to review relevant Codex documents. The team included representatives from China, India, Malawi, South Africa, Uganda, Canada, and the United States. Several members of the team had attended the WHO meeting on Dietary Management of Moderate Malnutrition held the previous week [6] . The background documents from the WHO meeting were used in the review of the Codex standards and guidelines related to complementary foods and supplements.
What is the Codex Alimentarius and why is it important?
The Codex Alimentarius is a collection of internationally recognized standards, codes of practice, guidelines, and other recommendations relating to foods, food production, and food safety. The Codex Alimentarius Commission was created in 1963 by the Food and Agriculture Organization (FAO) and WHO to develop food standards, guidelines, and related texts such as codes of practice under the Joint FAO/WHO Food Standards Program. Among other functions, it is responsible for setting international standards for safety and hygiene. Its main functions are "to protect health of the consumers and ensuring fair trade practices in the food trade and to promote coordination of all food standards work undertaken by international governmental and non-governmental organizations" [7] . The Codex Alimentarius is recognized by the World Trade Organization as an international reference point for the resolution of disputes concerning food safety and consumer protection. Codex texts are especially important for countries where national policies, laws, or guidelines are weak or do not exist. Such countries can refer to the relevant Codex texts to inform and guide decision-making or can even adopt Codex standards as national law.
Embedded within the Codex process is the important concept of "standards" versus "guidelines." A Codex standard contains provisions relating to product characteristics and essential composition (including, as appropriate, ingredients and/or nutritional components), as well as provisions for food additives, contaminants, labeling, packaging, and hygiene. A Codex standard provides a template for translation into domestic food law, and the resultant domestic standard can then be enforced with authority. Standards deal with ingredients and/or nutritional composition of the finished product, although they can also address quality factors related to raw ingredients or processing. Standards describe, for example, nutrient composition, but they do not have practical information on how to produce the finished product. Guidelines, on the other hand, focus on how to comply with a standard and sometimes provide practical information on how to produce finished products. A Codex guideline is advisory in nature and does not have to be complied with. It has no force of law and cannot be legally enforced. It need not cover the same material as a standard and so can leave certain matters out or include other matters not usually included in a standard. However, depending on the level of voluntary compliance expected by local authorities, the guideline might have the same moral authority or some other incentive as the force of law. Guidelines and standards are complementary to each other; the standard is designed for the final product, whereas guidelines are used more to explain how a specification in the standard could be achieved in practice.
The review panel identified three Codex guidelines and two standards that were relevant to these new categories of foods for older infants and young children: In the current article, we will focus only on our evaluation of "Guidelines for Formulated Supplementary Foods for Older Infants and Young Children (CAC/ GL 08-1991), " which has the most relevance to the new classes of infant foods. The purpose of this guideline is to "provide guidance on nutritional and technical aspects of the production of formulated supplementary foods for older infants and young children, including: 1. Formulation of such foods based on the nutritional requirements of older infants and young children; 2. Processing techniques; 3. Hygienic requirements; 4. Provisions for packaging; 5. Provisions for labelling and instructions for use. "
The guidelines state: "Formulated supplementary foods means foods suitable for use during the infant's weaning period and for feeding young children as a supplement to breastmilk or breastmilk substitutes or other food available in a country where the product is sold. These foods provide those nutrients which either are lacking or are present in insufficient quantities in the basic staple foods. "
The foods referred to in the guidelines are for use during the period when the infant transitions from exclusive breastfeeding to eating the normal family diet (previously referred to as the "weaning period, " a term no longer used because of its possible misinterpretation, since weaning can also mean stopping breastfeeding). The term "supplementary" was used at the time the guidelines were developed, but currently, the term "complementary" is used rather than supplementary to refer to foods used in addition to breastmilk because they complement what breastmilk provides for infants over 6 months of age.
Since the time these guidelines were written, there have been extensive research and program evaluations showing that many of the characteristics of foods covered are not adequate to support optimal child growth. For example, in the current guidelines, five oilseed flours and protein products were listed: soya beans: flour (full fat and defatted) concentrate and isolate; groundnuts: defatted flour, isolate; sesame seed: whole ground and defatted flour; cottonseed: defatted flour; and sunflower seed: defatted flour.
Dehulled soya beans should preferentially be recommended to reduce the phytate and fiber content. Full-fat soya beans, adequately processed to isolate S131 Revision of Codex guidelines for new infant food products desired properties from undesirable ones, provide a good essential fatty acid composition, but defatted forms have few essential fatty acids. Full-fat groundnuts would provide higher energy. The currently recommended oilseeds (sesame, cottonseed, and sunflower) could be expanded to include, for example, canola/ rapeseed, which is a good source of total, n-3, and n-6 fatty acids, whereas coconut and palm oil in small amounts may be acceptable because of their low cost.
There are now comprehensive data demonstrating the negative health effects of partially hydrogenated (trans) fatty acids. Yet, there is no mention of partially hydrogenated (trans) fatty acids, as there are in other standards (e.g., 074-1981, Rev 1-2006) . Revision of Section 4.1.5 is needed to exclude partially hydrogenated (trans) fatty acids from complementary food and complementary food supplements for infants and young children.
Nutritional aspects: General
Section 6.1.2 of the guideline suggests a daily dose of 100 g/day, whereas Section 6.2.3 suggests that 100 g of the product should provide at least 400 kcal. Thus, a child receiving the recommended quantity of the product (100 g) would receive a supplement of 400 kcal in addition to the energy contributed by the rest of the child's diet, including breastmilk.
Since the Codex guidelines were written (1991) [8] , new evidence suggests that breastfed children do not need such large amounts of energy and that consumption of a large amount of energy will probably interfere with breastmilk intake [9] . One hundred grams of food (400 kcal) would exceed the requirements for breastfed infants 6 to 11 months of age. This amount of food could displace breastmilk intake and allow little room for additional foods for breastfed infants. Table 1 gives best estimates of recommended feeding frequencies of complementary foods and the energy needed from complementary foods in breastfed infants of various ages [8, 10, 11] . It is recommended that the guidelines be revised to bring them in line with new evidence pertaining to the energy needs of breastfed infants.
Protein Section 6.3.5 states that the protein content of the product should be on the order of 15 g per 100 g of the food on a dry matter basis, and Section 6.1.2 recommends the ingestion of 100 g of product per day. During the first year of life, protein recommendations range between 9 and 14 g/day. Between the ages of 1 and 8 years, they range from 13 to 19 g/day. Thus, 100 g of a supplement providing 15 g of protein is too much, since infants will also receive protein from breastmilk and other complementary foods [12] . Revision of this section is suggested to change the recommended serving size.
Fat Section 6.4.1 describes a level of 20% to 40% of energy derived from fat as being desirable. This range is probably too low for most children (especially those who are malnourished or at risk for malnutrition) and does not reflect the high fat content of new fortified food products (e.g., lipid-based nutrient supplements) designed to be energy dense since they are intended to be used in relatively small quantities. Some of these new products contain up to 77% of energy as fat, and this high level of fat is necessary to ensure a high energy intake in a small volume of food. Because diets of malnourished children are generally too low in fat and low in essential fatty acids, a higher fat content will be beneficial and is not likely to increase the long-term risks of obesity, atherosclerosis, or other chronic diseases in children consuming the product.
The level of linoleic acid in the guidelines (> 300 mg/100 kcal) is appropriate for the new class of foods; however, the guidelines do not provide a recommendation for the inclusion of α-linolenic acid or the ratio of linoleic to α-linolenic acid. The new products are designed to also include α-linolenic acid in a ratio (linoleic:α-linolenic) of approximately 5:1 to 15:1, the ratio proposed in the 2007 revision of infant formula Codex STAN 72-1981 Rev-2 2007. A ratio of 5:1 to 15:1 is recommended as an optimal ratio for foods described in the revised guidelines.
Vitamins and minerals
It was noted that the reference daily requirements for vitamins (table in Annex of CAC/GL 08-1991) are derived from the FAO/WHO Handbook on Human [13] . A table in the Annex to the guidelines (page 10) indicates that the total amount of the added vitamins or minerals contained in 100 g of the food on a dry matter basis should be at least two-thirds of the reference daily requirements. Because a revision of the size of the food portion to less than 100 g/day is recommended, the wording of the table would also need to be changed to reflect the position that the total recommended daily intake should supply at least two-thirds of the reference daily requirements. The Codex should also consider whether two-thirds of the reference daily requirements is sufficient. Finally, it is also suggested that additional nutrients be listed in this table, since currently the table is incomplete with regard to micronutrients and macrominerals (such as magnesium, phosphorus, and potassium, all of which are needed for growth).
Antinutritive factors
There are no standards for maximum levels of antinutritive factors such as phytate, tannins, and certain phenolic materials. There is a standard for fiber (Section 6.5.2), defined as a level not exceeding 5 g/100 g of food [14] , and a new Codex recommendation of how fiber should be defined and measured [15, 16] . Antinutritive factors can interfere with the absorption and metabolism of nutrients and should be minimized or excluded from foods whenever possible. There is a need to develop standards for maximum levels of antinutritive factors and to reevaluate the standards for fiber based on updated research findings, particularly the effect of fiber on appetite [17] .
Conclusions
Several revisions are needed in the Codex guidelines and standards in order to address the new array of nutrition products targeted to children, particularly children with malnutrition or at risk for malnutrition. Guidance needs to be updated based on recent evidence on the nutritional requirements of infants and young children and characteristics of diets and foods pertaining to this age group in developing countries. These new/revised standards/guidelines would help governments develop national regulations pertaining to foods targeted to these children and encourage the manufacturing sector to develop new products for this target population. To this end, in 2008 the government of Ghana representatives to the Codex Committee on Nutrition for Special Dietary Uses (CCNFSDU) put forward a proposal to the Codex Commission to revise the Codex Guidelines on Formulated Supplementary Foods for Older Infants and Young Children (CAC/ GL 08-1991) [8] (as described above). An electronic working group of the CCNFSDU will revise the guidelines to be in line with current evidence. The suggested revisions proposed by the electronic working group will again be discussed at the 2010 CCNFSDU. As articulated by the Ghanaian delegation to the Codex Commission, the revision would assist governments in improving the quality of the foods sold for use by infants and young children in developing countries and help ensure that such foods, when used as directed, do not interfere with breastfeeding. It would lessen impediments to international trade by providing clear guidance for foods used in feeding programs and for young children, particularly in developing countries.
